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studying the spread of two native
British species; the speckled
wood (Pararge aegeria) and the
gatekeeper or hedge brown
(Pyronia tithonus). The
researchers have looked at the
patterns of genetic variation in
these two species, both of which
have been expanding their British
distributions over the past
60 years.
Both species have broadly
similar dispersal ability, the
researchers note, but differ in their
habitat requirements. The
speckled wood is confined to
shady woodland with sparse
grasses growing under poor light
on which to lay its eggs, which is
becoming an increasingly scarce
habitat. In contrast, the
gatekeeper inhabits a broader
range of more widely occurring
habitats including hedgerows,
where it requires medium to tall
grasses growing at the sunny base
of shrubs on which to lay its eggs.
The team have looked at the
genetic diversity of the two
species in relation to a third
species, the meadow brown
(Maniola jurtina), which is not
currently expanding its range.
Reporting in Biology Letters of
the Royal Society, published
online, the team have analysed
several genetic polymorphisms.
They found that the two
expanding species at the loci
studied were genetically less
diverse than the meadow brown.
But the researchers found a
further decline in the genetic
diversity at the range margin in
the speckled wood, compared
with similar populations of the
gatekeeper. The authors believe
this may be the result of more
severe founder effects in the
speckled wood where new
habitats may be hard to find. The
authors warn that this may have
long-term impacts. 
They believe their study has
shown that anthropogenic habitat
loss may reduce genetic diversity
during range expansion. “Given
the rapidity of predicted climate
warming for the future, any
reduction in diversity and in
species’ ability to adapt to novel
environmental changes could
affect their long-term
persistence,” they report.
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What do you consider to be your
forte in science? Over my career
I’ve been involved in two general
areas, RNA biochemistry on one
hand, and microbial diversity and
ecology on the other. These might
seem like pretty disparate areas,
but in both we use the general
technology of molecular biology
and the gestalt of phylogeny. In
RNA biochemistry the focus is on
molecular structure and function.
My lab has long worked with the
ribozyme ribonuclease P, trying to
work out the connection between
structure and enzymatic function.
The microbial diversity project is
about finding out what kinds of
organisms occupy the natural
microbial world, of which we know
very little. That’s because until
recently microbiologists always
had to culture microbes to detect
and identify them, and we cannot
culture most of what’s out there.
Instead of isolating organisms from
different environments, we isolate
environmental DNA. We then fish
out and sequence ribosomal RNA
genes to identify and take a
census of the local microbiology.
This effort has expanded quite a
bit our knowledge of microbial
diversity.
What turned you on to biology?
I grew up in the 1950s in a small
Indiana town with generally
pragmatic expectations, so mythoughts drifted toward chemistry
and engineering. I was interested
in biology from an early age,
however, and even drawn to
microbial biology particularly. My
parents gave me a kit-type
microscope when I was about
twelve. It was a pretty lousy
microscope, but it showed me
that the microbial world was filled
with interesting things. I
developed a pretty extensive
basement laboratory while in high
school. I was a beneficiary of the
post-Sputnik surge in funding and
public interest in academic
science. Early on I was drawn to
the then-emerging field of
molecular biology. At that time,
you went to bacteriology
departments to get to molecular
biology, so I majored in that at
Indiana University. That education
in microbiology also served me
well subsequently.
If you knew then what you know
now, would you pursue the
same career path? Yes, with even
greater enthusiasm. I feel so
fortunate to have stumbled into
RNA science at an early age and
literally grew up with the field. I
was an undergraduate student in
the mid-1960s, when the general
properties of templated protein
synthesis and the genetic code
were being worked out, and I did
graduate work with Sol
Spiegelman, at Illinois, a leading
RNA scientist of the time. So, I
have watched the RNA field
develop almost from the beginning.
It has been gratifying to see the
deepening of scientific
understanding of the roles of RNA.
And I think we are just getting
started.
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favorite scientific paper? I have
many favorites, but for sheer
impact on me I would single-out
Carl Woese’s 1977 paper
‘Phylogenetic structure of the
prokaryotic domain: the primary
kingdoms’ (Proc. Natl. Acad. Sci.
USA 74, 4088-5090), which
reported the discovery of Archaea
and the first outlines of a
universal phylogenetic tree. The
results were not widely
understood at the time. The data,
oligonucleotide catalogs of
ribosomal RNA sequences, were
just too arcane. The important
point of that first article, however,
was that evolutionary
relationships among
microorganisms really could be
understood. A map of the course
of evolution really was possible.
Prior to that I had little interest in
evolution — speculation, I would
say. The rRNA sequence
comparisons put the history of life
on a sound experimental basis.
There seems to be some
contention in the literature
about the large picture of the
evolutionary tree of life: do you
have comment on that? Much of
the contention is simply the result
of a lack of understanding of what
molecular trees mean and how far
you can interpret them. There is
general agreement on the three-
domains structure of the universal
tree. Genomic studies have
affirmed this over and over, and I
know of no credible dissent. Any
controversy is smaller in scale and
in many cases is due to use of
different computational methods.
Another problem is that people
have been making phylogenetic
trees for a long time, and they
always have been presented as
organismic trees, monkeys turning
into man, amphibia into dinosaurs
and so on. So, as the molecular
trees began to emerge there was
a natural tendency to interpret
nodes in trees as specific
organisms and lines of descent in
the trees to represent organismic
continuity. Consequently it came
as somewhat of a shock to many
people that not all genes in an
organism have the same history,
some have moved around by
‘lateral transfer’ between differentlines of descent as indicated by
rRNA sequences. It is important to
understand that molecular trees
reflect the history of molecules,
not organisms. From the
organismic perspective there is no
single tree that represents the
evolutionary history of a species.
The ribosomal RNA trees reflect
the history of the genetic
machinery; other genes may or
may not track with that.
The really amazing thing to me
is that the general discipline of
biology — textbook authors and
popular authorities — have largely
ignored the deeper teachings of
the molecular trees and I think
mainly do not understand the
issues.
What do you mean by that? The
three-domains tree of life shows
that the prokaryote–eukaryote
concept for biological organization
and evolution, a central tenet of
biology texts at all levels, is flat-out
wrong. The three-domains tree
shows that there are three, not two,
fundamentally distinct kinds of
organisms. The tree also shows
that the eukaryotic nucleus is
derived from neither archaea nor
bacteria. The mitochondria and
chloroplasts, to be sure, are of
bacterial origin, but not the
nucleus. The nuclear line of
descent was derived from
something more rudimentary than
either archaea or bacteria. This is a
very different picture than the
textbook notion of two kinds of
organisms, prokaryotes and
eukaryotes, with prokaryotes giving
rise to the eukaryotic nucleus
rather late in evolution, secondary
to prokaryotes. In retrospect,
‘prokaryote’ was never a valid
scientific concept and the
molecular trees prove the point. I
think future generations of
biologists will look upon the
prokaryote–eukaryote concept as
the ‘phlogisten’ of biology, to draw
an analogy from the history of
chemistry.
The World’s events over the
past few years certainly will
influence the future of science
in the United States and
elsewhere: what do you
foresee for academic science
in the US? I am gloomy about it.It has been clear for a long time
that funding for scientific research
in the US could not expand
forever. With the drain on
resources now imposed by
political and natural disasters, not
to mention upcoming social
demands, the expansion of
academic science is probably
over. Maintenance of a typical
university research lab has
become a lot harder over the past
several years. Overall I think we
will see contraction in the number
of research universities in this
country. That is a horrific political
issue, so probably it will happen
by natural selection, based on
individual state investment in their
universities. The disparity
between have and have-not
institutions probably will deepen
as Federal investment slackens.
Even more discouraging to me
is the ongoing US public
skepticism of science. I find it a
stunning failure of our education
system that more than half of US
citizens do not believe in
evolution. Even more stunning is
the fact that the current US
administration contributes publicly
to that anti-evolution fervor. It’s
weird.
Do you have a scientific hero? I
have many scientific heroes from
over the ages, but from my own
experience, I would look to Carl
Woese, for his experimental
courage and very large impact on
modern biology. I think Woese has
done more for biological
understanding than anyone since
Darwin. I do not think that anyone
but Woese would have put
together the three-domains tree
very soon, or interpreted the
results so brilliantly. Woese did
not know where he was headed
when he started looking at
oligonucleotide catalogs in the
late 1960s.
Do you have any advice for
young scientists? Write the title
of the paper you are working
toward. That will focus your ideas
and path.
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